This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



T WORLD 

^ 1 . ,*,r^p THF PATENT COOPERATIONTREA, yv. J 

w . t APPLICATION PUBLISHEDWDERTHEPAlt^ WO 99/12 

INTERNAjlON^J-^P£^I_-— j ^ Internat k>nHl Publication Number: WU * 



j^^^^nt ClassiBcsuon 6 : 
H01Q 



A2 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/12227 

U March 1999(11.03.99) 



• indication Number: PCT/F198/00679 
, (21) International Application «u 

1 ,w 31 August 1998 (31.08.98) 

i (22) international Filing Date: 3> Augus 



I (30) Priority Data: 
1 973595 



3 September 1997 (03.09.97) Fl 

FIN-02l50Espoo(Fl). 
(72) Inventors; and . } siNIVAARA. Has* 

. PATENT AGENCY COMPATENT LTD.; P.O. Box 



OH, GM. IB, ■ W. » " MK. MN. MW. 

LC. LK, LR. LS; ^ «n RU SD. SE. SO. SI SK. SU 
MX, NO. ^^,^'3^ vZvN YU. ZW. ARIPO 
TJ. TM. TO. TT. UC JJS. U*. ^ ^ 
patent (GH. GM. KE. LS. MW. SU. j£ European 
Patent (AM, AZ. BY, KG, KZ. MDJ ku. ^ qb ^ 
Unt (AT BE, CH.CY. Dg KB ^ BJ , CF. 

^ SN ' m TG> - 



I Published . . „„„ h rgDOrt and to be republished 

1 Wir/wux international search report ana 

upon receipt of that report. 



^t^aITr^^ 



31 





PSTN 



GES 



BSC 



MSC 



GMSC 



terminal. 



• • •• 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the f ro „, pages of pamphlets pushing imemationa! aprons under the PCT. 



AL 


Albania 


ES 


AM 


Armenia 


FT 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 


Burkina Faso 


GR 


BC 


Bulgaria 


HU 


BJ 


Benin 


IE 


BR 


Brazil 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CG 


Congo 


KB 


CH 


Switzerland 


KG 


a 


Cote d'lvoiie 


KP 


CM 


Cameroon 


CN 


China 


KR 


CU 


Cuba 


KZ 


CZ 


Czech Republic 


LC 


DE 


Germany 


U 


DK 


Denmark 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzsun 

Democratic Peopfe's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho 
Lithuania 
Lux em bom £ 
Latvia 
Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senega] 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 
UA 


Trinidad and Tobago 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



PCT/FI98/00679 
WO 99/12227 1 



10 



Call routing in a radio system 

Field of the invention . 
The invention relates to call routing via a moving base station in a 

radio system, and to a radio system. 

Background of the invention 

Known aircraft telephone systems operate like closed radio net- 
works in these systems, aircraft passengers and crew can use terminate n 
rlmk to «■ to subscribers in a terrestrial telephone network. The cate 
IdTara LCd *>r example, on a credit card. Figure 1 of the attached 
Sing shtst a blo* diagram the suuaure o, an a*cra« 
in ca.l made from a telephone system 10 located ,n an aircraft s routed 
.*L» 12 to a ground earth station GES, whose transceiver TRX 
ZZZZ - * a switch SW to *e subscriber through a public switohed 
STone ™lrk PSTN. A few slmutaneous calte can be connect and 
rout ed from an aircnaf^ ^ ^ ^ a ^ 

„, the Global System for Mobile communications (GSM). A mobile staton MS 
£££ o^a radio path to a base transceiver station BTS, injure 2 
Sly A base static, center BSC centre* the operate of the base 
Insceiver stations BTS dedicated to it A base station sub-system ~- 
SmoTJes the base station controller BSC and base transce*er stations BTS 
~S by the base station controller BSC. A mobile services swrtching 
5 Itn^ MSC ullly controls several base staVion controllers BSC. The rno- 

telephone network PSTN, another land mobile network PLMN or an ISDN 
,0 2c" The operation o, the enfire system is conWed by an operation and 

^^^su^rin— of a mobifc sta«on MS - stored per- 
manently in the home location register HLR of the system and temporarily ,n 
Z viator location register VLR of the area in which the mobile station MS ,s 
35 Trren "Sed. During tocafc-n update, the information 

^register VLR. whose area the mobile station MS is in. is updated to the 
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home location register HLR. The location information of the mobile station MS 
is stored in the visitor location register VLR with an accuracy of the location 
area LA. The geographical area controlled by the visitor location register is 
divided into one or several location areas LA. which can each have one or 
5 several base transceiver stations BTS. Each base transceiver station BTS 
continuously transmits information for all of the mobile stations on its broad- 
cast channel. This information includes the base station identity code BSIC 
the location area identifier LAI and information about the frequencies of the 
neighboring base stations to be measured by the mobile stations MS. When 
0 the mobile station MS moves so that the received location area identifier 
changes, the mobile station starts the location update for the network. 

The location information in the subscriber information of the mobile 
station is used, for example, for routing calls. In a mobile communications 
system of the GSM type, a mobile terminating call is routed to the mobile 
5 services switching centre MSC of the current location area of the mobile 
station MS according to the location information in the home location register 
HLR. On the basis of the information in the visitor location register VLR, a 
paging message is sent for the mobile station MS on the paging channels of 
all of the base transceiver stations BTS of the current location area. After the 
mobile station MS has responded, the call is connected on a channel of that 
base transceiver station BTS through which the mobile station MS re- 
sponded to the paging message. A mobile communications network identi- 
fies the mobile station MS on the basis of the international mobile subscriber 
identity IMSI stored on the SIM card of the mobile station MS and/or on the 
basis of the temporary mobile subscriber identity TMSI given by the visitor 
location register VLR to the mobile station MS. 

Cellular radio networks such as the GSM system described above 
are designed only for terrestrial use. Therefore, it is not possible to use a 
mobile station of terrestrial type in an aircraft, especially as it is forbidden by 
the authorities. Also the moving nature of an aircraft presents a problem. In 
the aircraft telephone system described above, the problem is the fact that 
the system can only route a few simultaneous calls. Additionally, the calls are 
charged on a credit card and passengers cannot receive calls durinq the 
flight. 
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Summary of the invention 

The object of this invention is to enable call routing between a 
moving target, such as an aircraft or a ship, and a public land mobile com- 

munications network. 

This is achieved by using a method according to the .nvent.on 
characterized by what is stated in the independent claim 1. Specific em- 
bodiments of the invention are presented in the dependent dams. 

The invention relates also to a radio system characterized by what 

is stated in the independent claim 7. 

The invention is based on the idea of routing the calls between the 
mobile services switching centre and the ground earth station via a ded.- 
cated control unit in a mobile communications system. Between the ground 
earth station and a moving cell, such as an aeronautical cellular network 
(ACNW) in an aircraft, the calls are routed via a satellite. 

The advantage in this kind of call routing is that it is suitable for 
routing calls from subscribers of any cellular networks even when the terres- 
tria. networks are not compatible. The method can also be used, for exanv 
p,e in routing data or signaling messages. An additional benefit .s the fact 
that charging is handled by the subscriber's operator. 

The method according to the invention also has the advantage of 
minimizing signaling in the network. The reachability of the subscriber is also 

made better^ ^ ^ radjo sy§tem according t0 the invention is 

that the call relaying capacity can be arranged to be sufficient. 

Brief description of the figures 

The invention is now described more closely in connects wrth 
embodiments of the invention referring to the example in Figures 3 and 4 of 
the attached drawings, in which 
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Figure 1 shows the structure of a known aircraft telephone system, 
Figure 2 shows the parts of a known mobile communications network that 

are relevant for the invention; 
Figure 3 shows the structure of a radio system according to the primary 
35 embodiment of the invention; and 
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Figure 4 shows the structure of a radio system according to the secondary 
embodiment of the invention. 

Detailed description of the invention 

5 The invention can be applied in connection with any mobile com- 

munications system. As an example, the invention is described below in 
more detail primarily in connection with the digital GSM system. Figure 2 
shows the simplified structure of a GSM network as described earlier. For a 
more detailed description of the GSM system, a reference is made to GSM 

10 specifications and to the book: 'The GSM System for Mobile Communica- 
tions". M.Mouly & M. Pautet. Palaiseau. France, 1992. ISBN:2-95071 9(M)-7. 

The invention is described in more detail below in connection with 
the primary embodiment of the invention with reference to Figure 3. 

Figure 3 shows an arrangement for connecting an aeronautical 

15 cellular network to a terrestrial mobile communications system. A cellular 
network 10 located in an aircraft preferably comprises a base station, termi- 
nals connected to it in some allowed manner and an aeronautical earth sta- 
tion (AES) located in an aircraft for relaying calls between the aircraft and a 
satellite. The terminals include a unit for identifying the subscriber. For ex- 

20 ample, in the case of a GSM subscriber this unit is a SIM card, which con- 
tains, for example, the international mobile subscriber identity IMSI. The 
subscriber information stored in the public mobile communications system 
can be found by means of the IMSI. The identification of the mobile sub- 
scriber with the SIM card makes it possible to charge the calls made by the 

25 subscriber via the mobile communications network. The subscriber can also 
be reached during a flight, since the network is informed about the informa- 
tion in the SIM card in the location update performed during the registration. 
The method of realizing the connections between the terminals and the base 
station in the aeronautical cellular network is not essential to the invention. 

30 According to the primary embodiment of the invention, a call is 

routed between the subscriber located in an aeronautical cellular network and 
the mobile services switching centre MSC via a satellite 12, a ground earth 
station GES and the base station controller BSC dedicated to this ground earth 
station in the mobile communications system. The following describes the 

35 primary embodiment of the invention in detail in a case which concerns the 
routing of a call originated by a mobile subscriber traveling in an aircraft. The 



BNSOOCIO: <WO 8912227A2J_> 



PCT/F198/00679 

WO 99/12227 




mobile originating call is transferred via a base station located in the a.rcraft to 
the aeronautical earth station (AES) from which the call is transmitted over a 
radio path 31 to a satellite 12, which is preferably a relay satellite meant for 
public satellite traffic. From the satellite 12 the call is transmitted over a radio 
5 path 32 to the ground earth station GES from which the call is transferred to 
the base station controller BSC dedicated to this ground earth station. From 
the base station controller BSC the call is transferred to the mobile services 
switching centre MSC from which the call is routed to the desired subscriber in 
some mobile communications system or via a public telephone network to 

10 another network. u 
As the subscriber registers with the aeronautical cellular network by 
using a terminal, location update is carried out in the terrestrial mobile commu- 
nications system. During the update the information about the location of the 
mobile subscriber is stored into the visitor location register VLR of the network 
15 and to the home location register HLR of the subscriber. On the bas.s of th.s 
location information, calls made to the mobile station MS can be routed ac- 
cording to the invention as described in more detail in the following. For exam- 
ple when trying to reach a mobile subscriber traveling in an aircraft, the home 
location register HLR of the subscriber and the visitor location register VLR, 
20 whose area ihe subscriber is currently on, are asked for the subscriber location 
information according to prior art. On the basis of the location area information 
of the subscriber, the call is routed to a mobile services switching centre MSC 
and from there to the base station controller BSC controlling the moving loca- 
tion area of the subscriber. The base station controller bsu relays me ca .. v.a 
a ground earth station GES, a satellite 12, an aeronautical earth station (AES) 
located in an aircraft, and a moving base station to the terminal of the mobile 
subscriber. 

In the primary embodiment of the invention the base station con- 
troller BSC dedicated to a ground earth station GES is in fixed connection to 
30 the ground earth station. This base station controller BSC controls the opera- 
tion of the moving base station located in an aircraft regardless of the physical 
location of the aircraft at any given moment. Therefore, the moving location 
area formed by the service area of the moving base station is controlled by the 
base station controller BSC dedicated to this ground earth station GES. and all 
35 traffic and signaling to and from this location area are handled by the base 
station controller BSC in question. For example, the national telecommun.ca- 
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tions operator of the airline company can be authorized to control a moving 
base station. Thus, for example, Telecoml can be authorized to control mov- 
ing base stations located in the aircrafts of Airlinel and to handle the traffic 
and signaling via its own mobile communications network. The satellite link is 
5 transparent as concerns the traffic and signaling, so it is compatible with differ- 
ent cellular systems. 

In the secondary embodiment of the invention, the call routing, traffic 
and signaling are relayed through the base station controller of the mobile 
communications network of the subscriber's home operator dedicated to the 

10 ground earth station GES. Otherwise, the arrangement corresponds to the 
arrangement described above in connection with the primary embodiment of 
the invention. In the following, call routing according to the secondary em- 
bodiment of the invention is described in detail with reference to Figure 4 in a 
case of a mobile originating call. The mobile originating call is transferred via a 

1 5 base station located in the aircraft to the aeronautical earth station (AES) from 
which the call is transmitted over a radio path 31 to a satellite 12, which is 
preferably a relay satellite meant for public satellite traffic. From the satellite 12 
the call is transmitted over a radio path 32 to the ground earth station GES 
from which the call is transferred to the base station controller BSC of the 

20 mobile communications network of the subscriber's home operator, the BSC 
being dedicated to the ground earth station in question. From the base station 
controller BSC the call is transferred to the mobile services switching centre 
MSC from which the call is routed to the desired subscriber in a mobile com- 
munications system or via a public telephone network to another network. 

25 Routing of a call terminating to a subscriber located in an aircraft is 

realized according to the secondary embodiment of the invention as described 
in more detail in the following. On the basis of the location area information 
received from the subscriber's home location register HLR and from the visitor 
location register VLR, the call is routed to a mobile services switching centre 

30 MSC and from there to the base station controller BSC of the mobile commu- 
nications network of the subscriber's home operator controlling the moving 
location area, the BSC being dedicated to relay traffic of the ground earth 
station GES in question. The base station controller BSC transfers the call via 
a ground earth station GES. a satellite 12, an aeronautical earth station (AES) 

35 located in an aircraft, and a moving base station to the terminal of the mobile 
subscriber. 
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In an arrangement according to the secondary embodiment of the 
invention, the controlling of a moving location area can be done with base 
station controllers of several operators BSC1, BSC2, BSC3, these controllers 
being in fixed connection with the ground earth station GES. In this case, for 
5 example, a call made by a Telecom2 subscriber is routed from an aircraft of 
Airlinel via a satellite 12, a ground earth station GES and a base station con- 
troller BSC2 dedicated by Telecom2 to the ground earth station GES ( whereas 
a call made by a Telecom 1 subscriber traveling in the same aircraft of Airlinel 
is routed via the satellite 12, the ground earth station GES and a base station 
10 controller BSC1 dedicated by Telecoml to the ground earth station GES. 

The base station controller BSC dedicated to a ground earth station 
GES and described above in connection with the primary and secondary em- 
bodiments of the invention, can be set to control one or several base stations 
located in a moving target, for example, in an aircraft, and thus to control the 
15 cell formed by the service area of the base station. For example, the service 
areas of base stations located in several different aircrafts can form one mov- 
ing location area, which is controlled by the base station controller according to 
the invention. From the cells formed by the moving base stations of a moving 
location area, preferably no handovers to other terrestrial or moving cells is 
20 done, especially while the moving cell is moving. Correspondingly, no hando- 
vers are done from other cells to these cells of moving base stations. 

The drawings and the related description are only intended to 
demonstrate the principles of the invention. The details of call routing ac- 
cording to the invention can vary within the claims. Even though the inven- 
25 tion is described above primarily in connection with an aeronautical cellular 
network located in an aircraft, the method can also be used for connecting 
other kinds of moving cells, such as cells located in a ship, to a conventional 
mobile communications system. In this application, the call routing includes 
also the routing of other connections, such as data connections and short 
30 messages, and the routing of signaling. The method according to the inven- 
tion is suitable for connecting a moving cellular network to any other public 
cellular network. 
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Claims 

1. A method for routing a subscriber's call via a moving base sta- 
tion in a radio system, which comprises mobile stations (MS), base stations 
(BTS) and at least one control unit (BSC) for controlling the operation of the 
5 base stations, characterized in that the radio system comprises at least 
one moving base station and that the method further comprises the steps of: 
establishing a moving location area, the area consisting only of 
service areas of moving base stations and covering at least the service area 
of one moving base station, 
10 dedicating a control unit (BSC) of at least one operator to control 

the operation of the moving base stations belonging to the said moving loca- 
tion area, 

routing the calls made by a subscriber within the service area of 
the moving base station from the subscriber terminal via the moving base 

15 station, a relay satellite (12) and a ground earth station (GES) to one dedi- 
cated control unit (BSC), and 

routing the calls to a subscriber located in the moving location area 
from one dedicated control unit (BSC) via a ground earth station (GES), a 
relay satellite (12) and the moving base station to the subscriber terminal. 

20 2. A method according to claim 1, characterized in that a 

control unit (BSC) of one operator is dedicated to control the operation of the 
moving base stations belonging to the said moving location area. 

3. A method according to claim ^characterized in that calls 
are routed between a subscriber terminal located in a moving location area 

25 and the control unit (BSC1 , BSC2, BSC3) of the subscriber's home operator. 

4. A method according to claim 1, characterized in that the 
network signaling needed between a moving base station and to the ground 
earth station dedicated operator's control unit (BSC) is routed over a satellite 
path. 

30 5. A method according to claim ^characterized in that, at 

least for the duration of the moving of the moving base station, the sub- 
scriber terminal's handover from the base station of the moving location area 
to other base stations is prevented. 

6. A method according to claim 1, characterized in that, at 

35 least for the duration of the moving of the moving base station, subscriber 
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terminals other than terminals registered into the network via a moving base 
station are prevented from connecting to the moving base station. 

7. A radio system comprising mobile stations (MS), base stations 
(BTS) and at least one control unit (BSC) for controlling the operation of the 

5 base stations, characterized in that the radio system further comprises 
at least one moving base station and the service areas of the 
moving base stations form at least one moving location area, which com- 
prises only service areas of moving base stations, the said moving location 
area covering the service area of at least one moving base station, and 

10 at least one dedicated control unit (BSC) for controlling the moving 

base stations, the said control unit (BSC) being in fixed connection with the 
ground earth station (GES). 

8. A radio system according to claim 7, characterized in that 
the radio system comprises at least one dedicated control unit (BSC) for 

15 controlling the moving base stations in such a manner that one moving base 
station is controlled by one control unit (BSC) only. 

9. A radio system according to claim 7, characterized in that 
the radio system comprises at least one dedicated control unit (BSC) for 
controlling the moving base stations in such a manner that calls are routed 

20 via a dedicated control unit (BSC1, BSC2, BSC3) of the home operator of 
the subscriber located in the moving location area. 

10. A radio system according to claim 7, characterized in that, 
in the radio system, there is a satellite path between the moving base station 
and the dedicated control unit (BSC). 
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(57) Abstract 

The invention relates to a radio system and a method for routing a subscriber's call via a moving base station, such as a base station 
located in an aircraft or on a ship. The radio system comprises at least one moving tase station It is characteristic to ^medwd accortmg 
to the invention that a moving location area is formed using the service areas of the movmg base stat.ons, a control un.t (KC of at least 
one operator is dedicated to controlling the operation of the moving base stations belonging to the said ft'Sfi 
a subscriber in a service area of the moving base station are routed from the subscriber terminal via a movmg base station, a relay satellite 
(12) and a ground earth station to one dedicated control unit (BSC), and calls to a subscriber located in the moving location area arerouted 
from one dedicated control unit (BSC) via a ground earth station (GES). a relay satellite (12) and the movmg base station to the subscriber 
terminal. 
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